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Abstract Zoonotic diseases, transmitted from animals to
humans, are a public health challenge in developing countries.
Livestock value chain actors have an important role to play as
the first line of defence in safeguarding public health.
However, although the livelihood and economic impacts of
zoonoses are widely known, adoption of biosecurity measures
aimed at preventing zoonoses is low, particularly among ac-
tors in informal livestock value chains in low and middle-
income countries. The main objective of this study was to
investigate knowledge of zoonoses and adoption of
biosecurity measures by livestock and milk value chain actors
in Bura, Tana River County, in Kenya, where cattle, camels,
sheep and goats are the main livestock kept. The study utilised
a mixed methods approach, with a questionnaire survey ad-
ministered to 154 value chain actors. Additional information
was elicited through key informant interviews and participa-
tory methods with relevant stakeholders outside the value
chain. Our results found low levels of knowledge of zoonoses
and low levels of adherence to food safety standards, with
only 37% of milk traders knowing about brucellosis, in spite
of a sero-prevalence of 9% in the small ruminants tested in this
study, and no slaughterhouse worker knew about Q fever.
Actors had little formal education (between 0 and 10%) and
lacked training in food safety and biosecurity measures.
Adoption of biosecurity measures by value chain actors was
very low or non-existent, with only 11% of butchers wearing
gloves. There was a gendered dimension, evidenced by mark-
edly different participation in value chains and lower adoption
rates and knowledge levels among female actors. Finally, cul-
tural and religious practices were shown to play an important
role in exposure and transmission of diseases, influencing per-
ceptions and attitudes to risks and adoption of biosecurity
measures.
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Introduction
In many developing countries, animal-source food is an im-
portant source of nutrition for consumers and an important
source of livelihood for value chain actors. Livestock and their
products are a source of zoonotic infections as most human
diseases are also animal diseases (Greger 2007). Livestock
value chains act as important pathways for transmission and
spread of zoonosis (FAO 2011), and higher sero-prevalence of
zoonoses among actors in livestock value chains compared to
the general population is often reported, possibly due to occu-
pational exposure to zoonotic pathogens (OIE 2006).
Relatively cheap and cost-effective biosecurity measures
could reduce the negative impacts of zoonoses (FAO 2008),
by ensuring ‘the exclusion, eradication or effective manage-
ment of risks posed by pests and diseases to the economy,
environment and human health’ (Frampton 2010; page 4).
However, as intervention has to date focused on farm rather
than value chain level (Schelling et al. 2007), adoption of
biosecurity measures has been low (Schelling et al. 2007).
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This is increasingly considered a major public health problem
(Ngasala et al. 2015).
As research has primarily been undertaken in a developed
country context (FAO 2008); knowledge is lacking as regards
adoption of biosecurity measures in developing countries
(Roesel and Grace 2014). Although most biosecurity mea-
sures can be applied in a wide range of contexts, a tailor-
made approach is needed as a ‘one size fits all’ is not the ideal
model to transfer knowledge and practices to developing
countries (Omore et al. 2001), whichmeans that it is important
to assess a situation locally before suggesting interventions.
This paper focuses on meat (small ruminants [sheep/goats]
and cattle) and milk (cattle and camel) value chains in Kenya
and draws on the results of a study which took place in the
context of the ‘Dynamic Drivers of Disease in Africa’ project
which looked at Rift Valley fever (RVF) and vector-borne
diseases in Kenya. Despite the known occurrence of both
epidemic and endemic diseases in the study area—
slaughtering, skinning and other contacts with animal body
fluids is a risk factor for RVF transmission to humans
(LaBeaud et al. 2008; Anyangu et al. 2010), and although
often underdiagnosed, and the extent of its burden and epide-
miology is unknown, brucellosis causes severe disease in
humans and animals (Boschiroli et al. 2001; Akakpo et al.
2010; Alonso et al. 2016)—how value chain actors viewed
biosecurity measures and how knowledgeable they were
about the risks of zoonoses in the study area were not well
known.
The objective of this study was to explore value chain
actors’ knowledge and understanding of zoonotic risks, to
assess their perception of the significance of identified zoo-
notic risks and their incorporation of biosecurity measures in
their daily activities and workplaces, and finally, to identify
the factors influencing the levels of adoption of biosecurity
measures of different value chain actors. Arguing that infor-
mal value chains will continue to exist and dominate in devel-
oping countries at least into the near-term future, this paper
suggests that value chain actors’ adoption of biosecurity mea-
sures could play a critical role in improving food safety and in
public health efforts to reduce future transmission and spread
of zoonoses and food-borne illnesses.
Methodology
Study area
The study was conducted in Bura town, Tana River County
(Fig. 1), in a region populated by pastoralists and agro-
pastoralists (Munyua et al. 2010; Sang et al. 2010). Recent
establishment of irrigation schemes in the region has led to
land-use change; increasing wildlife, livestock and human
interaction; and conditions favourable to insect vectors and
vector-borne zoonoses (Sang et al. 2010).
Methodological approach
A mixed methods approach (Brannen 2005) was taken to
assessing the adoption of biosecurity measures in livestock
trade, meat and milk value chains. A questionnaire was ad-
ministered to 154 value chain actors (livestock traders, milk
traders, abattoir workers and transporters) in Bura market by
trained enumerators in Kiswahili (Table 1). Diseases and their
symptoms both in humans and animals were discussed using
local and Swahili names which were validated prior to the start
of the study. These diseases were chosen because of the high
socio-economic implications for value chain actors and their
symptomatic similarity to common diseases such as malaria.
In the context of this study, biosecurity measures were defined
as any measures employed by value chain actors to prevent
transmission of zoonoses and other infectious diseases, and to
ensure food safety. Four categories of biosecurity measures
were investigated: personal, environmental, food safety and
animal health. A matrix of biosecurity measures was generat-
ed (Table 6) comparing cost versus ease of implementation.
Results were disaggregated by value chain group to ac-
count for actors being subject to different laws and regulations
and having differing incentives to adopt biosecurity measures.
The study sample was selected using purposive and snowball
sampling techniques (Onwuegbuzie and Collins 2007) as
there was no exhaustive list of value chain actors. We also
ensured inclusion of traders, who mostly operated only on
market days. Due to actors’ time constraints, rather than ad-
hering to classical focus group methodology, six loosely struc-
tured informal group discussions (comprising four to six par-
ticipants) were held in Kiswahili on issues relevant to the topic
of the study. These discussions were recorded with permission
of the actors and transcribed and translated to English for
content analysis. Direct observation (Lundy et al. 2008) was
undertaken daily for 28 days at two slaughterhouses, a live-
stock market and business premises.
Participatory mapping was used to map the value chains,
geographical locations of activities undertaken and the role of
different actors, stakeholders and important institutions in the
functioning of the value chains. This facilitated identification
of critical points of risk for zoonoses transmission and spread
in the value chains, and opportunities existing to improve food
safety issues (Table 5). A powerful tool for visualisation, par-
ticipatory mapping is cheap and requires little technical
knowledge and allows participants to be active rather than
passive in knowledge generation (Bett et al. 2009). Key infor-
mants were interviewed, with a total of 13 relevant stake-
holders from and beyond the value chain selected based on
their experience and knowledge (two participants for livestock
traders, slaughterhouse workers, milk traders, transporters,
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Fig. 1 Map of Bura, Tana River
County in Kenya
Table 1 Composition of study
sample (value chain actors) in a
study on biosecurity measures in
Tana River County, Kenya






43 9 35 10 57
Male 95.3% 88.9% 97.1% 100% 7%
Female 4.7% 11.1% 2.9% – 93%
Mean age 42.86 38.56 32.17 38.20 32.11
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butchers, veterinary/public health officials; and one human
health practitioner).
Blood samples were collected in vacutainers from
small ruminants prior to slaughtering and centrifuged
and stored in cold ice, for transport to Nairobi. They
were analysed using a competitive ELISA (enzyme-
linked immunosorbent assay) test for Brucella antibodies
(SVANOVIR, Uppsala Sweden), following the manufac-
turer’s protocol.
Data management
Quantitative data collected through a cross-sectional survey was
entered into Microsoft Excel and cleaned. Descriptive statistics
were performed using SPSS version 9.0 (SPSS, Inc., Chicago,
IL). Statistical testing was undertaken using χ2. Qualitative data
collected through recorded informal discussions and key infor-
mant interviews was transcribed, translated and subject to con-
tent analysis. Participatory maps were re-drawn in Microsoft
Word to ensure clarity. Data collected in this project was stored
and made available as per the data management and sharing
policies of Hohenheim University and ILRI.
Results
Participation in livestock value chain activities is dictated by
gender. Men participate more in livestock and meat value
chain activities, while women participate more in the milk
value chain activities. However, while few men participated
in the milk value chain, a small number of women were meat
traders, butchers or transporters. No women were found to
work in the slaughterhouse. Consequently, women accounted
for 37% of the study sample. Actors’ understanding of occu-
pational risks was low, as was their concern over biosecurity
and their knowledge of zoonoses in both humans and animals
(Table 2). Most actors were familiar with brucellosis (55%),
RVF (68%) and cysticercosis (88%), and least familiar with Q
fever (9%), leptospirosis (34%), salmonellosis (36%) and an-
thrax (41%) (Table 2). Most actors could not differentiate
taeniasis from cysticercosis, or leptospirosis from bilharzia,
due to their similar symptoms.
Personal biosecurity
The study results indicate low levels of education among val-
ue chain actors, with over 90% reporting no formal/academic
education (including courses or official training).
Slaughterhouse workers were the only group who reported
formal or on-the-job training. Women reported less on-the-
job training than men. Many actors lacked training on food
handling and occupational risk reduction (Table 2). Results
show that 74% of transporters, 86% of traders and 84% of
milk traders had never undergone mandatory medical check-
ups required for food handlers. Only butchers and slaughter-
house workers reported regularly receivingmedical check-ups
as a prerequisite for being granted a working certificate/per-
mit. Female actors reported lower rates of annual medical
examination (p = 0.038) compared to their male counterparts.
There was a strong association between gender and knowl-
edge of zoonoses (Table 3), with lower knowledge among
female actors (p = 0.017), and an association between gender
and use of protective clothes (p = 0.001), with female actors
having lower adoption rates.
Discussions revealed low levels of adherence to regulations
regarding public health and food safety as most actors operat-
ed outside public health inspectors working hours (8 A.M.–
4 P.M.). Low level of enforcement by authorities was linked to
low staffing capacity, low pay, lack of transport and other
challenges (Table 5). According to Kenyan law, the use of
personal protection equipment (PPE) by those handling food
is mandatory to prevent the risk of contamination. However,
direct observations revealed low adoption by all value chain
actors, with some actors choosing not to use PPE and others
only partially using PPE (Table 4). Actors reported perceiving
use of PPE as cumbersome, reducing their productivity and as
generating no tangible benefits.
Food safety
Livestock traders reported undertaking visual inspections of
live animals, while meat was inspected by the public health
department before it was released for transport from the abat-
toir to butcheries for sale. The study found 9% of serum sam-
ples collected from animals due to be slaughtered as testing
positive for Brucella antibodies.
Milk traders (97%) reported undertaking quality tests on
milk, including tasting (taking a sip of raw milk), 77%; ob-
serving the colour, 18%; checking milk butter content, 11%;
and conducting the clot-on-boiling test, 12%. Untreated water
was frequently used for cleaning and washing, and water was
purchased from vendors who had sourced it from irrigation
canals when slaughterhouse water tanks were empty. Value
chain actors reported distress sales and slaughtering sick ani-
mals to avoid losses. The reasons given for slaughter of sick
animals included home consumption, not being aware that
slaughtering was inadvisable, to avoid costs of animal dispos-
al, to comply with cultural beliefs and to earn money. Animals
slaughtered in the homestead were never inspected by officials
prior to consumption and meat was often shared with
neighbours.
Food packaging
Milk from different origins was bulked in larger containers.
Observations showed that traders stored milk in plastic
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containers, while meat was hung in the open, without protec-
tion from dust or flies. Traders did not refrigerate meat or milk
overnight, despite the risks of quick spoilage or deterioration
of quality in the hot and humid study area. Butchers reported
selling meat wrapped in old newspaper (22%) and/or wrapped
in polythene first then an old newspaper (67%).
Milk was sold packaged in polythene paper (74%), or in
recycled plastic bottles (56%) which were not properly
cleaned or sterilised. Although some vendors kept milk in
open containers (3.5%), it was more commonly kept in closed
containers (74%). Most traders (60%) boiled milk to extend
shelf life. Direct observations revealed unhygienic handling of
containers used for transporting milk and meat boxes, expos-
ing them to dust, flies and other sources of contamination. No
actors reported sterilising their containers after or before use,
and many reported washing them using soap/detergent pow-
ders and untreated water from irrigation canals.
Animal health biosecurity and biosecurity failures
Animal health biosecurity measures observed by livestock
traders (n = 43) included spraying livestock for vector control
(86%), isolating livestock at the market (56%), inspecting
livestock at the markets (54%), quarantining livestock at the
markets (40%) and (35%) reporting when livestock died at the
market. When animals died, the actors reported that they
burned the carcass (26%), buried the carcass (16%), reported
livestock death immediately to vet (2%) and disposed the
carcass in the open (7%) (for scavengers to eat). Some report-
ed that they used (consumed) the dead animal (9%). Livestock
traders reported treating sick animals with veterinary drugs
obtained over-the-counter, often without advice from veteri-
nary officers. Some traders and livestock keepers used medi-
cine intended for humans to treat sick animals. In cases where
the market committee (managerial group selected by traders)
detected sick animals (through visible symptoms), animals
were treated by a veterinary officer and the owner was advised
to take them back home until the disease was gone. However,
there was no strict enforcement of this directive, and therefore,
best practices regarding treatment and isolation of sick ani-
mals were not observed by all actors.
Environmental biosecurity
The disposal of waste and carcasses did not meet the standards
envisaged by the legislation in Kenya. Direct observations
Table 2 Value chain actors’ knowledge of zoonoses and biosecurity in Tana River County, Kenya
Livestock traders,
n = 43 (%)
Butchers,
n = 9 (%)
Transporter,
n = 35 (%)
Slaughterhouseworkers,
n = 10 (%)
Milk traders,
n = 57 (%)
Heard about zoonoses 72 78 66 90 47
Know how to protect yourself from zoonoses 56 44 49 90 37
Think biosecurity measures are important 58 44 49 90 37
Know brucellosis 67 57 70 44 37
Know tuberculosis 61 40 90 44 40
Know anthrax 28 46 90 44 19
Know rabies 47 43 80 56 33
Know salmonellosis 42 40 30 44 32
Know cysticercosis 98 77 100 89 74
Know Rift Valley fever 88 71 90 67 40
Know Q fever 14 17 10 0 4
Know leptospirosis 40 37 50 33 19
Have formal training 2 0 0 10 2
Have on job training 16 44 29 70 7
Have no training 81 56 71 20 91
Table 3 Chi-square comparison
of gender with adoption of
selected biosecurity measures
Male n = 97 Female n = 57
No Yes No Yes χ2 P
Knowledge of zoonoses 29 (30%) 68 (70%) 28 (49%) 29 (51%) 5.6924 0.017
Use recommended protective clothes 68 (70%) 29 (30%) 54 (95%) 3 (5%) 13.2348 0.000
Had annual examination 63 (65%) 34 (35%) 11 (19%) 46 (81%) 4.3080 0.038
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suggested that people bringing cattle to market, typically left
dead animals behind without burying or burning them, occa-
sionally using twigs or tree branches to cover the carcasses,
while traders buried animals which died during transport, or
burned them with old car tyres. These deaths were not report-
ed to authorities.
Slaughterhouses were observed to dump waste in the open as
septic tanks were full, attracting scavengers such as dogs and
chickens, while dogs (usually non-vaccinated) were observed
to wander around the slaughterhouse and in the vicinity of an
open garbage place where milk was traded. The cultural practice
of open defecation and low use of latrines by the local population
constituted an additional public health risk (Table 5). Facilities
such as slaughterhouses, milk bulking areas and markets lacked
hand-washing facilities, and while most butcheries had hand-
washing facilities, the water typically came from irrigation canals
and was therefore likely contaminated.
Cultural and religious issues
Consumption of undercooked meat, raw meat and milk, and
meat and milk derived from sick animals was common.
Moribund animals were slaughtered for consumption by the
predominantly Muslim population (who do not consume dead
animals) in the study area. The reasons given by respondents
for slaughtering sick animals included consumption (49%),
ignorance (19%), to avoid animal disposal costs (16%), to
ensure cultural beliefs were met (9%) and to sell the meat
(2%). Religious beliefs shaped perceptions of diseases as
some actors reported said there was no need to prevent disease
transmission and infection as they had divine protection and
could rely on prayers to heal disease. Conversely, some value
chain actors believed that disease outbreaks were a divine
punishment. Cultural values and practices also influenced
health-seeking behaviour of individuals as some individuals
opted to seek divine cure through prayers first, only seeking
health care intervention in the advanced stages of disease.
Pastoralists reported eating sick animals suffering from an-
thrax disease (chimale/chirrmalle in Gabbra language), say-
ing that they believed they could derive protection from dis-
ease by tying the bark of a local shrub around their wrist.
Some actors reported not going to hospital when they
subsequently suffered from chimale as they believed getting
an injection would lead to death. In many cases, they waited
until the boil-like lumps burst before going to hospital to seek
medical attention, sometimes when it was very late.
Cost versus ease of implementation of preventive
biosecurity measures
Discussion with value chain actors led to development of a
matrix of biosecurity measures (Table 6), which could be
adopted based on their costs and ease of implementation.
Actors were most interested in practical interventions, which
were not costly and would not be time-consuming to imple-
ment in the process of undertaking their daily activities. They
reported being distrustful of interventions which required ex-
tensive level of knowledge and skills, or a large investment of
resources, given the small profit margins associated with op-
erating in markets characterised by low prices for milk and
meat.
Discussion
An RVF outbreak of 2006–2007 in Tana River County
highlighted the negative socio-economic impacts of zoonoses
in Kenya’s regions dependent on informal livestock value
chains (Anyangu et al. 2010; Munyua et al. 2010). The results
of this study highlight how low level of knowledge of zoono-
ses, disease symptoms and modes of transmission among val-
ue chain actors may contribute to higher occupational risk
(Aburi 2012). Similar to conclusions reached by Mwangi
et al. (2000), low adoption of biosecurity measures can be
linked to actors’ lack of training and low levels of education.
The findings of this study indicate that slaughterhouse and
traders are exposed to actual risks as 9% of the small rumi-
nants slaughtered tested positive for antibodies against
Brucella bacteria.
The results of this study, similar to Leksmono et al. (2006),
highlight the challenges faced by informal value chain actors
in accessing treated water, electricity, training, skills, tools and
other resources. Although traders saw the need to control milk
quality, the tests undertaken were not scientific, had low
Table 4 Percentage of livestock
actors observed using different
recommended personal protective
equipment in Tana River County,
Kenya
Traders,
n = 43 (%)
Milk traders,
n = 56 (%)
Transporters,
n = 35 (%)
Butchers,
n = 9 (%)
Slaughterhouse
workers, n = 10 (%)
Aprons and
overalls
16 0 0 89 90
Gumboots 7 0 20 22 90
Gloves 2 0 14 11 70
Head
covering
0 0 6 22 70
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accuracy and comprised a risk for the trader. Lack of equip-
ment to test milk quality directly exposed value chain actors to
diseases. Tests including sipping untreated milk can lead to
disease transmission and cross-contamination of the milk pos-
ing a health risk to the greater population, and they fail to
detect presence of chemical or microbial contaminations or
Table 5 Suggested critical points, legislation involved and potential interventions resulting from interviews and discussions with informal value chain
actors in Tana River County, Kenya
Actor Critical points Legislation Potential intervention
Livestock traders • Buying animals without testing
• Open defecation
• Manure and waste management
• Visual inspection of animals
• Animal movement certificate
• Animal trading licences
• Animal quarantine
• Thorough animal inspection
• Proper dead animal disposal
Milk traders • No PPE used
• Unhygienic handling
• Non sterilisation of equipment and plastics
• Lack of medical exams
• Handling milk in open grounds
• Business licence
• Public health certificate
• Medical certificate
• Enforcing medical certificate requirement
• Construction of work stalls
• Training




• No PPE used
• Unhygienic handling
• Non sterilisation of equipment
• No regulations
• Untreated water
• Raw milk and offal consumption
• No certification programs
• Public health certificate
• Medical certificate
• Training actors
• Provision of clean water
• Enforcing medical certificate requirement
Transporters • Trekking animals
• Lack of animal testing
• Poor disposal or carcases
• Animal movement certificate
• Milk movement certificate
• Training actors
• Proper cleaning of vehicles
• Testing animals before transporting them
Butchers • Non sterilisation of equipment and plastics
• Lack of medical exams
• Business licence
• Public health certificate
• Medical certificate
• Training actors
• Provision of credit to purchase cooling/
storage equipment
• Enforcing medical certificate requirement
Table 6 Matrix of biosecurity cost versus ease of implementation resulting from interviews and discussions with informal value chain actors in Tana
River County, Kenya
Ease of implementation
Cost of implementation Easy—expensive Somehow easy—expensive Difficult—expensive
Testing for diseases Vaccinations Sewer systems
Isolation of animals Cooling facilities Testing labs
Quarantine facilities Pasteurisation Good infrastructure
Public education Sterilisation of milk (in bottle) Good governance and
UHT (ultra-high-temperature) treatment Laws and policies
Institutional capacity Competent body of inspectors
(veterinarians, meat inspectors)
Certification Testing and culling
Easy—medium cost Somehow easy—medium cost Difficult—medium cost
Protective clothing Toilets New food laws
Meat inspection Public education Testing equipment
Refrigeration Food testing Animals tracing
Aluminium milk containers
Easy—cheap Somehow easy—cheap Difficult—cheap
Washing hands Medical check ups Manure disposals
Disinfection Licencing Low-cost packaging
Water treatment Ante-mortem inspection
Sanitation use Post-mortem examination
Premises inspections
Trop Anim Health Prod
adulteration. The cleaning of milk containers, as practiced by
the actors, is not sufficient to eliminate microbes, and rinsing
with unclean water may introduce new pathogens, and similar
to findings of Grace (2011), this study found most actors op-
erated in unhygienic conditions which increased the probabil-
ity of contamination during food processing and handling.
Chengula et al. (2013) and Grace et al. (2012) observe that
poor and vulnerable segments of society bear the greatest bur-
den of zoonotic diseases. Value chain actors have a responsi-
bility to manage risk and prevent contamination as they ben-
efit socially and economically from activities (Ngasala et al.
2015). Their reluctance to voluntarily and rigorously follow
regulatory directives may be due to lack of knowledge of the
health and economic benefits of adopting biosecurity mea-
sures and a belief that adoption costs may exceed benefits,
as well as poor enforcement of laws by officials.
There is a gender dimension to zoonotic disease risk and
exposure, but this study cannot verify the conclusions reached
by a study undertaken in Nigeria, which found that women
were more conscious and observed higher levels of hygiene
than their men counterparts (ILRI 2011). Findings that female
actors lagged behind in this study—as regards adoption of
biosecurity measures—could be explained by the fact that
women face greater challenges than men in accessing credit
and lack the knowledge, skills and collateral required to access
financial markets (Coles and Mitchell 2011), highlighting the
need for gender empowerment to improve value chain actors’
livelihoods and access to safe food. While this study did not
use a random sampling, gender differences in the participation
in different activities were apparent, and unlikely to be due
solely to selection bias.
This study identified policy and governance constraints,
which need to be addressed to improve food security and
adoption of biosecurity measures by value chain actors. In
many developing country contexts, policies are made by
rent-seeking individuals without the consensus of all stake-
holders leading to problems in implementation and enforce-
ment (Leksmono et al. 2006). As noted by Kutalek et al.
(2015), pro-poor policy and a risk-based approach to con-
trolling the transmission and spread of zoonoses is needed to
ensure the success of laws, and the successful policies and
interventions are contingent on all stakeholders being in-
volved in the design process. Government entities play an
important role in food safety issues and also in shaping
actors’ perception and understanding of biosecurity mea-
sures. There is a need to involve actors in enforcement of
laws to ensure voluntary uptake of beneficial measures and
reduce the need for strict supervision (Leksmono et al. 2006;
Kutalek et al. 2015). The authors believe that actors could, if
required, organise themselves to implement measures to
safeguard their businesses, for example, preventing the trade
of sick animals, to comply with trade bans and quarantine
directives.
The results of this study confirm the findings of Roesel and
Grace (2014) that there is a need for policy to take into con-
sideration religious, social and cultural issues which influence
individuals’ action-taking and decision-making, including
their health care-seeking behaviour. This study revealed that
some value chain actors believe that disease outbreaks are a
divine punishment, while some rely on prayers to heal rather
than seeking timely medical attention.
Non-reporting of animal disease incidences combined with
undocumented movements (without issued livestock move-
ment certificates) poses a challenge to Kenya’s national veter-
inary services, undermining their capacity to intervene in the
initial aftermath and crucial time period following a disease
outbreak to halt the transmission and spread of zoonoses. The
results of the study suggest that there is a need to devise new
methods to encourage reporting of animal deaths and to re-
duce sale or slaughter of sick and moribund animals. For ex-
ample, cash compensation for mandatory culling could dis-
courage distress sales of sick animals (Gunn et al. 2008; Toma
et al. 2013).
The results of this study confirm the findings of Omore
et al. (2001) that there is often marginalisation and
victimisation of actors who participate in informal markets,
which according to Grace (2011), exacerbates low hygiene
and undermines adoption of biosecurity measures. As ob-
served by Leksmono et al. (2006), resource-poor actors often
cannot justify and afford to invest in innovations andmeasures
which they regard as vague and generating no tangible bene-
fits. It is paramount to understand that adoption is driven by
access to capital, education levels, training, cost and ease of
implementation, legal environment and by the benefits per-
ceived as derived from adopting innovations (Grace 2014).
Moreover, actors may not attain or see direct benefits of
adopting biosecurity measures, which reduces their willing-
ness to practice them.
Value chain actors are reluctant to invest in adopting mea-
sures voluntarily. Leksmono et al. (2006) recommends
harmonisation and enforcement of already existing legal
framework. Innovations including licences could be used to
link informal and formal markets although progress has been
slow (Leksmono et al. 2006). In addition, Roesel and Grace
(2014) argue that formal value chains are not necessarily safe
and informal value chains are not necessarily unsafe, showing
the importance of assessing the actual risk rather than hazards
present in informal value chains.
To date, developing countries have not sufficiently invested
in research, institutions, policies and infrastructure in informal
value chains (Leksmono et al. 2006; Onono et al. 2013).
Understaffing and underfunding of agencies tasked with food
safety and public health hinder execution of their mandates
(Grace 2014). Privatisation has hindered access to free or
subsidised government veterinary services in resource-poor
communities, while on the other hand, it can be argued that
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it has led to increased access to extension and improved ani-
mal health through self-treatment or provision of services by
non-veterinary providers (Onono et al. 2013). Given that re-
duction of poverty is a public good (Schelling et al. 2007),
there is justification for investment in public health to control
transmission and spread of zoonoses.
These findings reinforce the need for a farm-to-fork frame-
work such as ‘One Health Initiative’ for investing public mon-
ey to control zoonoses as it is cost-effective and generates
multiple health benefits (Grace 2014). There is need for a clear
strategy for policy-makers and practitioners to guide the de-
sign and implementation of policies and initiatives aimed at
controlling zoonoses prevalence, transmission and spread
within informal value chains (Aburi 2012).
Finally, it is worth noting that it is hard to generalise these
findings or to even draw conclusions based on statistical in-
ference as sample size was small and not randomly selected;
however, they still provide a hypothesis that can further be
explored in subsequent studies.
Conclusion
The results of the study highlight the need to involve value
chain actors in the design and implementation of food safety,
biosecurity measures and policies. Improving food safety
standards in developing countries with scarce resources can
generate additional benefits including food security, a reduc-
tion in the number of deaths among children under 5 years and
immune-compromised individuals, and improved livelihoods
and increased savings associated with improved health status.
There is an urgent need to improve adoption of biosecurity
measures in developing countries where the marginal in soci-
ety, engaged in or dependent on informal value chains for their
livelihood, bear the burden of zoonoses and related adverse
impacts.
Funding information A stipend received by the primary author of the
study for the fellowship stay at the International Livestock Research
Institute (ILRI) was provided by the German Corporation for
International Cooperation (GIZ). Additional funding was provided by
the CGIAR research programme on ‘Agriculture for Nutrition and
Health’, the Swedish Research Council (ref 2013-00167) and the project
‘Dynamic Drivers of Disease in Africa: Ecosystems, Livestock/Wildlife,
Health andWellbeing: REF: NE/J001422/1’. This project is supported by
the Ecosystem Services for Poverty Alleviation (ESPA) programme and
funded by the Department for International Development (DFID), the
Economic and Social Research Council (ESRC) and the Natural
Environment Research Council (NERC).
Compliance with ethical standards
Ethical clearance This project had an ethical approval by the Ethics
and Scientific Review Committee (ESRC) of the Africa Medical and
Research Foundation (AMREF) number (REF: AMREF-ESRC P65/
2013).
Conflict of interest The authors declare that they have no conflict of
interest.
Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
References
Aburi, P.A.S., 2012. BAssessment of Hygiene practices used by Small
Butchers and Slaughter Slabs in beef value chain in Juba town.^Van
Hall Larenstein University of Applied Science. Retrieved (http://
edepot.wur.nl/298083)
Akakpo, A.J., Têko-Agbo, A. and Koné, P., 2010. The impact of brucel-
losis on the economy and public health in Africa. In: Compendium
of technical items presented to the OIE World Assembly of
Delegates or to OIE Regional Commissions, 2009-2010. Paris,
France: OIE (World Organisation for Animal Health), pp. 71–84
Alonso, S., Dohoo, I., Lindahl, J., Verdugo, C., Akuku, I. and Grace, D.,
2016. Prevalence of tuberculosis, brucellosis and trypanosomiasis in
cattle in Tanzania: a systematic review and meta-analysis Animal
Health Research Reviews, 17(1):16–27. Retrieved (http://www.
journals.cambridge.org/abstract_S146625231600013X)
Anyangu, A.S., Gould, L.H., Sharif, S.K., Nguku, P.M., Omolo, J.O.,
Mutonga, D., Rao, C.Y., Lederman, E.R., Schnabel, D., Paweska,
J.T., Katz, M., Hightower, A., Njenga, M.K., Feikin, D.R. and
Breiman, R.F., 2010. Risk factors for severe rift valley fever infec-
tion in Kenya, 2007 American Journal of Tropical Medicine and
Hygiene, 83, 14–21
Bett, B., Jost, C., Allport, R. and Mariner, J., 2009. Using participatory
epidemiological techniques to estimate the relative incidence and
impact on livelihoods of livestock diseases amongst nomadic pasto-
ralists in Turkana South District, Kenya Preventive Veterinary
Medicine, 90, 194–203
Boschiroli, M.L., Foulongne, V. and O’Callaghan, D., 2001. Brucellosis:
Aworldwide zoonosis Current Opinion in Microbiology, 4, 58–64
Brannen, J., 2005. Mixed Methods Research: A Discussion Paper.
London, UK. Retrieved (http://eprints.ncrm.ac.uk/89/1/
MethodsReviewPaperNCRM-005.pdf)
Chengula, A. a, Mdegela, R.H. and Kasanga, C.J., 2013. Socio-economic
impact of Rift Valley fever to pastoralists and agro pastoralists in
Arusha, Manyara and Morogoro regions in Tanzania. SpringerPlus,
2, 549
Coles, C. andMitchell, J., 2011. Gender and agricultural value chains and
practice and their policy implications: A review of current knowl-
edge and practice and their policy implications, London, UK.
Retrieved (http://www.fao.org/economic/esa)
FAO, 2008. Biosecurity for highly pathogenic avian influenza: Issues and
options. Rome, Italy. Retrieved (http://www.fao.org/3/a-i0359e.pdf)
FAO, 2011. Avalue chain approach to animal diseases riskmanagement –
Technical foundations and practical framework for field application.
Animal Production and Health Guidelines. 1st ed. Rome, Italy: FAO
Frampton, E.R., 2010. Biosafety in the broader context of biosecurity
Principles and concepts of biosecurity The FAO international tech-
nical conference on BAgricultural biotechnologies in developing
countries: Options and opportunities in crops, forestry, livestock,
fisheries and agro-industry to face the challenges of food insecurity
and climate change^
Grace, D., 2011. Agriculture-associated diseases research at ILRI: Safe
Foods in Informal Markets. Nairobi, Kenya
Trop Anim Health Prod
Grace, D., 2014. BThe business case for OneHealth.^Onderstepoort J Vet
Res 81(2), 1–6. Retrieved (http://www.ojvr.org/index.php/ojvr/
article/view/725)
Grace, D., Mutua, F., Ochungo, P., Kruska, R., Jones, K., Brierley, L.,
Lapar, M.L., Said, M., Herrero, M., Phuc, P.M., Thao, N.B., Akuku,
I. and Ogutu, F., 2012. Mapping of poverty and likely zoonoses
hotspots. Zoonoses Project 4. Report to the UK Department for
International Development. Nairobi, Kenya: ILRI.
Greger, M., 2007. The human/animal interface: emergence and resur-
gence of zoonotic infectious diseases. Critical reviews in microbiol-
ogy, 33, 243–99
Gunn, G.J., Heffernan, C., Hall, M., McLeod, A and Hovi, M., 2008.
Measuring and comparing constraints to improved biosecurity
amongst GB farmers, veterinarians and the auxiliary industries.
Preventive veterinary medicine, 84, 310–23
Hooton, N., Omore, A. C., Leksmono, J. Young, N.H. Romney, H.M. and
Staal, S.D., 2005. Informal Traders Lock Horns with the Formal
Milk Industry: The role of research in pro-poor dairy policy shift
in Kenya Working Paper No 266, 1–5
ILRI, 2011. Assessment of Risks to Human Health Associated with Meat
from Different Value Chains in Nigeria: Using the Example of the
Beef Value Chain. Ibadan, Nigeria. Retrieved (http://hdl.handle.net/
10568/10251)
Kutalek, R., Wang, S., Fallah, M., Wesseh, C.S. and Gilbert, J., 2015.
Ebola interventions: listen to communities The Lancet Global
Health, 3, e131
LaBeaud, A.D., Muchiri, E.M., Ndzovu, M., Mwanje, M.T., Muiruri, S.,
Peters, C.J. and King, C.H., 2008. Interepidemic Rift Valley Fever
Virus Seropositivity, Northeastern Kenya Emerging Infectious
Diseases, 14, 1240–1246
Leksmono, C., Young, J., Hooton, N., Muriuki, H. and Romney, D.,
2006. Informal Traders Lock Horns with the Formal Milk
Industry: The role of research in pro-poor dairy policy shift in
Kenya. Nairobi, Kenya. Retrieved (https://www.odi.org/sites/odi.
org.uk/files/odi-assets/publications-opinion-files/154.pdf)
Lundy, M., Ostertag, C., Best, R. and Ferris, S., 2008. Participatory
Market Chain Analysis for Smallholder Producers. Cali,
Colombia. Retrieved (http://www.crs.org/sites/default/files/tools-
r e s e a r c h / p a r t i c i p a t o r y -ma r k e t - c h a i n - a n a l y s i s - f o r -
smallholderproducers.pdf)
Munyua, P., Murithi, R.M., Wainwright, S., Githinji, J., Hightower, A.,
Mutonga, D., Macharia, J., Ithondeka, P.M., Musaa, J., Breiman,
R.F., Bloland, P. and Kariuki Njenga, M., 2010. Rift Valley fever
outbreak in livestock in Kenya, 2006-2007 American Journal of
Tropical Medicine and Hygiene, 83, 58–64
Mwangi, A., Arimi, S.M., Mbugua, S., Kang’ethe, E.K. and Omore,
A.O., 2000. Assurance of Marketed Milk Quality in Kenya Igarss
2014, 1–5
Ngasala, J. Uma B., Nonga, H.E. and Mtambo, M.M.A., 2015.
Assessment of raw milk quality and stakeholders’ awareness on
milk-borne health risks in Arusha City and Meru District,
Tanzania Tropical Animal Health and Production, 47, 927–932
OIE, 2006. Guide to good farming practices for animal Rev. sci. tech. Off.
int. Epiz., 25, 823–836
Omore, A., Staal, S.J., Kurwijilla, L., Osafo, E., Aning, G., Mdoe, N. and
Nurah, G., 2001. BIndigenousMarkets for Dairy Products in Africa :
Trade-offs Between Food Safety and Economics.^ In: Proceedings
of the Symposium on Dairy Development in the Tropics. Utrecht
University, 2 November. Utrecht, The Netherlands, pp. 1–4
Onono, J.O., Wieland, B. and Rushton, J., 2013. Factors influencing
choice of veterinary service provider by pastoralist in Kenya
Tropical Animal Health and Production, 45, 1439–1445
Onwuegbuzie, A.J. and Collins, K.M.T., 2007. A typology of mixed
methods sampling designs in social science research The
Qualitative Report, 12, 281–316
Roesel, K. and Grace, D., 2014. Food safety and informal markets:
Animal products in sub-Saharan Africa, First Kristina Roesel and
Delia Grace (ed), (Routledge: London, UK)
Sang, R., Kioko, E., Lutomiah, J., Warigia, M., Ochieng, C., O’Guinn,
M., Lee, J.S., Koka, H., Godsey,M., Hoel, D., Hanafi, H.,Miller, B.,
Schnabel, D., Breiman, R.F. and Richardson, J., 2010. Rift Valley
Fever Virus Epidemic in Kenya, 2006/2007: The Entomologic
Investigations American Journal of Tropical Medicine and
Hygiene, 83, 28–37
Schelling, E., Grace, D., Willingham, A.L. and Randolph, T., 2007.
Research approaches for improved pro-poor control of zoonoses
Food and Nutrition Bulletin, 28, 345–356
Toma, L., Stott, A.W., Heffernan, C., Ringrose, S. and Gunn, G.J., 2013.
Determinants of biosecurity behaviour of British cattle and sheep
farmers-A behavioural economics analysis Preventive Veterinary
Medicine, 108, 321–333 (Elsevier B.V.)
Trop Anim Health Prod
